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(57) A catheter for delivering electrical energy to a 
selectable region of a patient's body has at least one 
layer of fibers with at least one electrically conductive 
fiber stranded over a flexible core. Each layer of fibers is 
stranded over the flexible core and underlying layers 
opposite in direction from that of the immediately pre- 
ceding layer so as to provide a catheter with good 
torque transfer properties in addition to its electrical 
energy transfer properties. The outermost layer of 
stranded fibers is electrically conductive and is covered 
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by an electrically insulative outer layer which is mechan- 
ically strippable to expose selectable regions of the 
underlying layer of stranded fibers. Electrical energy is 
transmitted along the outermost layer of stranded fibers 
to tissue which is in contact with the exposed contact 
region of the outermost layer of stranded fibers. The 
catheter can also deliver electrical energy through a cut- 
ting tip for multipolar electro-cautery. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention pertains to catheters for 
delivering electrical energy to internal regions of a 
patient's body, and more particularly to an electrical 
energy delivering catheter with stranded electrically 10 
conductive wires. 

2. Description of Related Art 

The term "medical catheter" is a reference to a very is 
large class of known medical devices which share the 
general feature that they all tend to be tubular in shape 
and have a sufficiently small diameter such that they 
may be inserted into the patient's body through either a 
small incision or a small natural opening. A more spe- 20 
cific, yet still somewhat broad, class of catheters has 
one or more electrodes such that electrical energy may 
be transferred between the external end of the catheter 
and internal regions of a patient's body. Such energy 
transfer can be for either therapeutic or diagnostic func- 25 
tions, or a combination of both. For example, such elec- 
trical catheters are known for mapping out the electrical 
activity of a patient's heart in order to provide data to 
assist a doctor in making a diagnosis. Electrical cathe- 
ters are also used as therapeutic instruments to ablate 30 
tissue in specific regions of the body, such as heart tis- 
sue. Ablative catheters are known which employ a radio 
frequency electrical power source. Electrical catheters 
are also known for use in artificially pacing the heart and 
in defibrillation. The specific number of electrodes 35 
employed, the size of the electrodes, and the relative 
spacing and location of the electrodes on the electrical 
catheter depend on the particular application. 

Many applications require a relatively large surface 
contact region which serves as the electrical energy 40 
transfer electrode. In addition, most applications that 
require large electrical contact regions also require ade- 
quate flexibility such that the catheter can be maneu- 
vered to the desired location, such as a specific region 
of the heart, and yet be stable and controllable enough 45 
to be kept in place. 

Prior art devices which simply utilize electrically 
conductive wires are unsatisfactory as electrodes. The 
configurations of electrical wires known in the art have 
smaller contact surfaces than are necessary, and, so 
although such catheters are sufficiently flexible, they are 
extremely difficult to maintain in good contact with the 
specific tissue region. 

Other prior art devices utilize a thin layer of conduc- 
tive paint as an electrode. Such devices have the 55 
advantages of providing large contact areas and being 
mechanically flexible. However, they have the disadvan- 
tages that the conductive paint tends to chip, peel, and 
separate from the connecting wire due to the flexing 



action of the catheter. Therefore, many prior art devices 
utilize metal rings for the contact region in order to min- 
imize the problems inherent in catheters which use con- 
ductive paint. However, catheters with ring electrodes 
also have problems and limitations. Most fundamentally, 
the rings are not flexible, thus only small rings are used. 
These devices also have the problem that one must 
maintain a good electrical connection between a wire, 
which typically moves with respect to the ring electrode 
as the catheter flexes, and the ring electrode. In addi- 
tion, elaborate production methods are used in order to 
ensure that the metal ring does not protrude beyond the 
surrounding surface of the catheter. 

Finally, still other prior art devices utilize electrically 
conductive wires which are braided in a cylindrical mesh 
which somewhat resembles the pattern of a fishing net. 
This type of prior art device has several disadvantages. 
The overlapping wires create spaces which prevent 
packing the wires closely together. The overlapping 
wires also create stresses and strains which can lead to 
breakage thus degrading the electrical and mechanical 
properties of the catheter. In addition, the overlapping 
wires create gaps which allow the overlying electrically 
insulative layer to adhere firmly to individual wires. This 
makes it difficult to mechanically strip away portions of 
the insulation without damaging the underlying wires. 

Another type of catheter, a fiber optic catheter, is 
known to provide stranded optical fibers thus yielding 
increased flexure characteristics, an even distribution of 
bending stresses in the fibers, and a smaller overall 
diameter for the catheter. (See Wardle et al., U.S. Patent 
No. 5,415,653). 

It is known in the art that stranding optical fibers 
such that they define non-overlapping helical paths 
around a core provides desirable torque transfer proper- 
ties for rotations of the optical catheter in one direction 
about its central axis. It is further known that by strand- 
ing a plurality of layers of optical fibers such that the 
direction of stranding is reversed for each successive 
layer added to the optical catheter provides an optical 
catheter with good torque transfer properties for rota- 
tions in both directions around the central axis of the 
catheter and good tactile qualities. 

One application of stranded optical fibers is to form 
a laser sheath using optical fibers which conduct pulsed 
ultraviolet light to the tip of the device such that the light 
cuts tissue. Typically, excimer lasers are used as light 
sources. Excimer lasers have the disadvantage of being 
large, heavy, expensive, and consequently they are 
often not available. This has led to including two elec- 
trodes at the tip of a plastic sheath so as to cut tissue by 
bipolar electro-cautery. A typical application requires 
threading a pacing lead, which is attached to the 
patient's heart, through a central lumen of the electro- 
cautery catheter such that the pacing lead can be 
removed. A disadvantage of such a device is that it 
requires the sheath to be maneuvered over the lead 
such that it advances in a spiral motion so that it cuts 
scar tissue around the entire circumference of the lead 
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as the sheath advances. 
SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro- 
vide a catheter for delivering electrical energy to an 
internal region of a patient's body through a stable, con- 
trollable, and flexible electrical contact region which can 
be made suitably large. 

It is another object of this invention to provide a 
catheter for delivering electrical energy to an internal 
region of the patient's body which has no separate elec- 
trical connections to the electrical contact region, thus 
enhancing the reliability of the catheter. 

It is another object of this invention to provide a 
catheter for delivering electrical energy to an internal 
region of the patient's body through one or more 
selectable electrical contact regions, such that the size, 
location, and relative separations of the contact regions 
are easily and cheaply selectable. 

It is a further object of an embodiment of this inven- 
tion to provide a catheter for electrical energy delivery to 
an internal region of the patient's body which has at 
least one electrical conduit of closely or maximally 
packed electrical wires which closely approximate an 
electrically conductive cylindrical shell. 

It is another object of this invention to provide a 
catheter for electrical energy delivery to an internal 
region of the patient's body which has good torque 
transfer, good maneuverability, and good tactile charac- 
teristics. 

It is yet another object of this invention to provide a 
catheter for electrical energy delivery to an internal 
region of the patient's body which incorporates a plural- 
ity of sensors while having good reliability and a good 
profile. 

Still another object of the present invention is to 
provide a catheter for delivering electrical energy to an 
internal region of a patient's body through a tip for cut- 
ting tissue so that the electrical energy for cutting tissue 
is distributed approximately symmetrically around the 
circumference of the cutting tip. 

Another object of the present invention is to provide 
a flexible and easily maneuverable catheter for deliver- 
ing electrical energy to an internal region of a patient's 
body through a tip for cutting tissue. 

It is also an object of the present invention to pro- 
vide a method of manufacturing each embodiment of 
electrical energy delivering catheters as described in 
the above objects of this invention. 

The above and related objects of the instant inven- 
tion are realized by stranding electrically conductive fib- 
ers over a flexible core. A layer of stranded fibers is 
comprised of a plurality of fibers which extend substan- 
tially between both ends of the catheter along non-over- 
lapping paths, preferably in spiral or helical paths. Since 
the fibers do not overlap, they can be closely or maxi- 
mally packed together in a layer which approximates a 
cylindrical shell conductor. Such a layer of stranded fib- 



ers provides a conducting conduit between both ends of 
the catheter and provides an outer surface to make 
electrical contact. Thus, the limit for the largest surface 
contact region for a given catheter, according to an 

5 embodiment of this invention, is equal to the entire outer 
surface of the electrically conductive surface layer. Gen- 
erally, one will utilize only a fraction of the surface of the 
stranded layer as an electrical contact region. There- 
fore, the catheter is typically covered with an outer elec- 
ta trically insulative layer which is mechanically stripped to 
expose the desired electrical contact regions. The 
invention has an advantage that the insulative layer is 
easy to mechanically strip without damaging the under- 
lying layer of stranded fibers. 

is This yields a flexible catheter for electrical energy 
delivery which has suitably large electrical contact 
regions and a low resistance electrical conduit which 
flows directly into the contact regions without the need 
for any electrical connections therebetween. 

20 Preferably, the wires are stranded in non-overlap- 
ping helical paths around the core with a substantially 
uniform pitch. In other embodiments of the instant 
invention, additional stranded and insulative layers are 
provided between the insulating core and the outer 

25 stranded layer to provide certain desirable mechanical 
and/or electrical properties. 

A preferred embodiment of the instant invention 
also comprises a first layer of stranded fibers over the 
central core, and a second layer of stranded fibers over 

30 the first layer of stranded fibers. The plurality of fibers in 
each layer of stranded fibers define non-overlapping 
helical paths with a substantially uniform pitch. Each 
successive layer of stranded fibers is wound around the 
underlying structure in a direction opposite to that of the 

35 preceding layer of stranded fibers. 

In another embodiment of the invention, at least 
one layer of stranded fibers is made of metal wires 
which are connected to ground such that they provide a 
shield for electric fields. Other embodiments of the 

40 invention combine alternative combinations of stranded 
and insulating layers to achieve certain mechanical and 
electrical structures. 

In a preferred embodiment of the invention, the core 
defines a central lumen which is suitable for accommo- 

45 dating at least one wire or fiber. In other embodiments of 
the invention, the core defines a plurality of lumens. 

In other embodiments of the invention, different 
types of fibers are mixed with electrically conductive fib- 
ers. Optical fibers are included in an embodiment of the 

so invention to carry optical sensor signals or therapeutic 
energy. In another embodiment of this invention, certain 
polymer fibers are included to provide enhanced lubric- 
ity of the corresponding stranded layer. 

In another embodiment of the invention, at least 

55 one layer of stranded fibers includes a plurality of elec- 
trically conductive fibers. The electrically conductive fib- 
ers are preferably exposed at one end of the catheter so 
as to provide a tip for cutting tissue by electro-cautery. 
The energy to perform the electro-cautery is applied in 
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bipolar or multipolar modes between metal fibers in the 
device by a surgical electro-cautery power unit. 

The instant invention also encompasses a process 
for manufacturing an electrical energy delivering cathe- 
ter by stranding at least one plurality of fibers over a flex- s 
ible non -conductive core. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic view of a catheter for 10 
delivering electrical energy to a region of a patient's 
body according to the preferred embodiments of 
the invention; 

FIGURE 2 is a partial cutaway view which shows 
the inner composite structure of a first embodiment is 
of the invention; 

FIGURE 3 is a cross-sectional view of the first 
embodiment taken on section line 3-3 in FIGURE 2; 
FIGURE 4 is a partial cutaway view which shows 
the inner composite structure of a second embodi- 20 
ment of the invention; and 

FIGURE 5 is a cross-sectional view of the second 
embodiment of the invention taken on section line 
5-5 in FIGURE 4. 

FIGURE 6 is an end-on view of the distal end of the 25 
catheter of the invention according to a third pre- 
ferred embodiment of the invention. 
FIGURE 7 is an end-on view of the distal end of the 
catheter of the invention according to a fourth pre- 
ferred embodiment of the invention. 30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The catheter of the present invention is designated 35 
generally by the reference numeral 10 in FIGURE 1. 
The catheter 10 is depicted with the central section bro- 
ken away. Consequently, FIGURE 1 gives no indication 
of the length of the catheter 10 relative to its width. The 
length of the catheter 10 is selectable in accordance 40 
with the length of known catheters which are used for 
the same or similar applications. Generally, the catheter 
10 defines a proximal end 12, a distal end 14, and an 
outer surface 16, with the outer surface being approxi- 
mately cylindrical in shape within local regions along the 45 
length of the catheter 1 0. 

In a preferred embodiment, the outer surface 16 of 
the catheter 10 is defined by an outer electrically insu- 
lating surface layer 17 which fits snugly over an inner 
composite structure 18. For most uses of this invention, so 
polyurethane is a preferable material for the outer insu- 
lating layer 17. However, there are a large number of 
suitable materials that would be well known to those 
skilled in the art. For example, polyester ether ketone is 
a preferable material for the insulating layer 17 in abla- 55 
tive catheters. The outer surface layer 1 7, in this embod- 
iment, is mechanically strippable at a selectable contact 
region 20 so as to expose the outer layer of the inner 
composite structure 18 over the selectable contact 



region 20. In the example illustrated in FIGURE 1, sen- 
sors 22 and 24 are attached to selectable locations 
along the catheter 10, and sensor 26 is attached to the 
distal end 14. 

One can best see the inner composite structure 
18a of a preferred embodiment in FIGURES 2 and 3. 
FIGURE 2 is a side view of a section of the catheter 10a 
with partial cutaway sections which reveal the inner 
composite structure 18a. FIGURE 3 provides a cross- 
sectional view of the catheter 10a. The catheter 10a is 
generally comprised of a central flexible, electrically 
non-conductive core 28 disposed along the catheter 
axis 30. (The term "non-conductive" is used to refer to 
any material which is generally known to be an insula- 
tor, or to a fluid or gas-filled or vacuum space which also 
acts as an insulator.) In one embodiment of the inven- 
tion, the core 28 is a solid electrical insulator, and in 
other embodiments the electrically insulative core 28 
defines one or more hollow paths that extend between 
the proximal end 1 2 and the distal end 1 4 of the catheter 
10a. In a preferred embodiment, the central non-con- 
ductive core 28 is flexible electrically insulative tubing 
32 which defines a central lumen 33 that extends along 
the catheter axis 30. In the preferred embodiment the 
core is made of polyurethane. 

The non-conductive core 28 has a layer of stranded 
fibers 34 on its outer surface. Stranding optical fibers in 
a fiberoptic catheter is taught by Wardle et al. in U.S. 
Patent No. 5,415,653 entitled "Optical Catheter with 
Stranded Fibers," and is hereby incorporated by refer- 
ence in its entirety. The first layer of stranded fibers 34 is 
comprised of a plurality of fibers, one of which is desig- 
nated by reference numeral 36 in FIGURE 3. Each fiber, 
such as fiber 36, in the layer of stranded fibers 34 
extends substantially between the proximal end 12 and 
the distal end 14 of the catheter 10a, along non-overlap- 
ping, helical paths around the central non -conductive 
core 28. 

The stranded fibers 34 define helical paths with a 
substantially uniform first pitch angle for all fibers 34 at 
substantially all points along the helical paths when the 
catheter 10a subtends a straight line and is in an 
unstressed, relaxed state. 

Generally, each individual fiber, such as fiber 36, 
has a selectable thickness and composition. For exam- 
ple, fiber 38 may have a different thickness from that of 
fiber 36, or fiber 38 may be of a different material from 
that of fiber 36. The layer of stranded fibers 34 is 
nowhere thicker than the thickness of the thickest fiber. 
In the example depicted in FIGURES 2 and 3, the fibers 
34 are 40 ± 4 electrically conducting wires which are all 
of approximately equal thickness. The example 
depicted in FIGURE 3 shows individual adjacent fibers, 
such as fibers 38 and 40, as being contiguous. Other 
embodiments of this invention include selectable num- 
bers of fibers within the layer of stranded fibers 34, and 
selectable separations between fibers. The number of 
fibers are chosen to be greater than 10, preferably 20 or 
more, and are often chosen in the range of 40, 50, or 
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even greater. In many uses p such as to deliver high volt- 
age defibrillation pulses, the fibers are preferably made 
from low resistance materials such as platinum, silver or 
titanium. In this embodiment, the stranded fibers 34 are 
covered by insulating layer 17 described above. 

One can best see the inner composite structure 
18b of another preferred embodiment in FIGURES 4 
and 5. FIGURE 4 is a side view of a section of the cath- 
eter 10b with partial cutaway sections which reveal the 
inner composite structure 18b. FIGURE 5 provides a 
cross-sectional view of the catheter 10b. The catheter 
10b is generally comprised of a central flexible, electri- 
cally non-conductive core 28 disposed along the cathe- 
ter axis 30, as described above in reference to the first 
mentioned preferred embodiment. 

This embodiment has a first layer of stranded fibers 
34 on the outer surface of the non -conductive core with 
a second layer of stranded fibers 42 immediately over 
the first layer of stranded fibers. In this preferred embod- 
iment of the invention, each successive layer of fibers is 
stranded over the underlying layer in a direction oppo- 
site to that of the closest underlying stranded layer. 
Therefore, according to this preferred embodiment of 
the invention, the second layer of stranded fibers 42 is 
stranded over the first layer of stranded fibers 34 in a 
direction opposite to that of the first layer. The individual 
fibers of the second layer of stranded fibers 42, and any 
and all succeeding layers of stranded fibers, are 
selectable in material and thickness. In a preferred 
embodiment of the instant invention, there are 38 + 4 
fibers in the first layer and 43 ± 4 fibers in the second 
layer which are all substantially of equal thickness. The 
fibers of the first and second layers in this embodiment 
are preferably of materials with high tensile strength, 
such as stainless steel. The fibers of the second layer of 
stranded fibers 42 similarly extend between the proxi- 
mal end 12 and the distal end 14 of the catheter 10b 
along non-overlapping helical paths around the first 
layer of stranded fibers 34. The second layer of 
stranded fibers 42 is also stranded such that the plural- 
ity of fibers define helical paths of a substantially uni- 
form second pitch for all fibers 42 at substantially all 
points along the helical paths when the catheter 10b 
subtends a straight line and is in an unstressed, relaxed 
state. Since the second layer of stranded fibers 42 is 
stranded around the first layer of stranded fibers 34 in a 
direction opposite from that of the direction in which the 
first layer of stranded fibers 34 is stranded around the 
non-conductive core 28, the second pitch is opposite in 
sign to that of the first pitch. 

Furthermore, the magnitude of the second pitch is 
approximately equal to the magnitude of the first pitch, 
which is preferably 0.475 inches. The reader should 
note that it is known in the art that the pitch of layers of 
stranded optical fibers can be selectively varied to 
achieve alternative mechanical properties of a fiberoptic 
catheter. A greater pitch allows one to strand a greater 
number of fibers at the expense of some flexibility and 
torquability. Conversely, a smaller pitch leads to greater 



flexibility, but a smaller number of fibers in the strand. 
Similarly, in other embodiments of the instant invention, 
one can select different and nonuniform first and sec- 
ond pitches in order to obtain desired mechanical prop- 

5 erties. Preferably, the pitch is much greater than the 
thickness of the wire (at least 10 times greater, and 
more typically more than 40 times greater). 

The preferred embodiment depicted by the exam- 
ple of FIGURES 4 and 5 has a first electrically insulative 

10 layer 44 immediately covering the second layer of 
stranded fibers. Polyurethane is a suitable material for 
layer 44 for most uses, or polyester ether ketone for 
other uses. A third layer of fibers 46 is stranded over the 
outer surface defined by the first electrically insulative 

is layer 44 In a preferred embodiment, the third layer of 
stranded fibers 46 has 40 + 4 titanium wires, each of 
which extend substantially between the proximal end 12 
and the distal end 14 of the catheter 10b, along non- 
overlapping helical paths with a third pitch which is sub- 

20 stantially equal in magnitude, but opposite in sign to the 
second pitch. The third layer of stranded fibers 46 is 
covered by a second layer of electrically insulative 
material 17 which defines an outer surface 16. When 
the present embodiment is used as a defibrillation cath- 

25 eter, the second layer of electrically insulative material 
17 must be capable of withstanding a DC voltage of 
1500V applied in 20ms pulses. A layer 17 made of poly- 
urethane with a thickness of at least 0.0035 inches is 
suitable for catheter 1 0b with an outer diameter of 0.077 

30 + 0.002 inches. 

In the preferred embodiments of this invention the 
outermost layer of stranded fibers has a large number of 
closely or maximally packed electrically conductive fib- 
ers. The fibers are arranged so as to approximate an 

35 electrically conductive cylindrical shell. The approxima- 
tion to a cylindrical shell improves as the number of fib- 
ers increases. Conversely, small numbers of fibers 
cannot provide a good approximation to a cylindrical 
shell, as one can appreciate by considering the extreme 

40 cases of only one, two, three or four fibers. 

The central lumen of the non-conductive core 28 is 
adapted to accommodate a plurality of fibers which, in 
one embodiment, extend between the proximal end 12 
and the sensors 22, 24, and 26. More particularly, in a 

45 preferred embodiment, the central lumen of the non- 
conductive core 28 accommodates electrically conduc- 
tive wires which extend from the proximal end 12 of the 
catheter 1 0b to connect to electrodes on the sensor 22, 
24, and 26. 

so The electrodes on sensor 26 are suitable for map- 
ping the electrical activity of the heart by procedures 
which are well-known to one skilled in the art of modern 
electrophysiology. 

In practice, the catheter 10 is guided through a 

55 small incision in the body to the internal regions of inter- 
est. The flexible inner core 28, first layer of stranded fib- 
ers 34, second layer of stranded fibers 42, first 
insulating layer 44, third layer of stranded fibers 46, and 
outer surface layer 17 all act in cooperation to transmit 
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torque between the proximal end 12 and the distal end 
14 in a manner known in the art for stranded optical fib- 
ers. Depending on the particular application, the electri- 
cally conductive fibers of the third (outermost) layer of 
stranded fibers 46 are electrically connected to a high 5 
voltage source, a radio frequency voltage source, signal 
detection and processing equipment, or other suitable 
electronic equipment. The contact region 20 provides a 
suitably large surface area for making electrical contact 
with the internal region of the body of interest. The con- 
tact region 20 is selectable in both size and location 
along the catheter 1 0 by stripping away the correspond- 
ing material from the electrically insulating surface layer 
17. In addition, other embodiments of the instant inven- 
tion have a plurality of contact regions, similar to contact 
region 20, which are also selectable in size and loca- 
tion. It is important to point out that, unlike prior art ring 
electrodes, the contact region 20 does not severely 
affect the flexibility of the catheter and does not present 
protruding obstacles. As a specific example, one may 
connect a high voltage source to the third layer of 
stranded fibers 46 to deliver defibrillation pulses to a 
patient's heart through the contact region 20. The outer 
insulating layer 17 and the first electrically insulative 
layer 44 ensure that the third layer of stranded fibers 46 
is electrically isolated everywhere except at the proxi- 
mal end 1 2 of the catheter 10, and at the contact region 
20. 

In a preferred embodiment of the instant invention, 
the first layer of stranded fibers 34 and the second layer 
of stranded fibers 42 are electrically isolated from the 
central lumen by the electrically insulating core 28, and 
from the third layer of stranded fibers 46 by the first insu- 
lative layer 44. In this embodiment, the first layer of 
stranded fibers 34 and the second layer of stranded fib- 
ers 42 have no electrical connections and thus provide 
primarily mechanical torque transfer properties. In 
another preferred embodiment, the first layer of 
stranded fibers 34 and the second layer of stranded fib- 
ers 42 are electrically connected to ground as indicated 
schematically in FIGURE 4 by the reference numeral 
48. It can also be readily understood by one of ordinary 
skill in the art, based upon the teachings of this inven- 
tion, that the layers 34 and 42 provide a second layer in 
which electrical energy can be transferred between the 
proximal end 12 and distal end 14 of the catheter 10, 
independently of the third layer of stranded fibers 46. 
Energy transfer along this second channel can be in the 
form of signals from sensors, for example, or for thera- 
peutic purposes. 

In other embodiments of the instant invention, fib- 
ers of different materials can be mixed with the electri- 
cally conductive fibers. For example, fiber 50 in the third 
layer of stranded fibers 46, or fiber 40 of the first layer of 
stranded fibers could be an optical fiber suited for trans- 
ferring optical signals between the distal end 14 and the 
proximal end 12 of the catheter 10. A greater number of 
such optical fibers could be used as necessary. The 
optical fibers could also be used to deliver therapeutic 



energy to a tissue site somewhere along the length, or 
at the distal end 14, of the catheter 10, in addition to the 
above described electrical energy transfer properties of 
the catheter 10. 

In another embodiment of the instant invention, 
electrically insulative fibers can be mixed with the elec- 
trically conductive fibers. For example, as one may best 
see in FIGURE 5, the fiber labeled with the reference 
numeral 50 may be an electrically conductive wire. The 
fiber 52 may be an insulative fiber, fiber 54 conductive, 
fiber 56 insulative, and so on around the third layer of 
fibers 46. This embodiment yields a plurality of separate 
electrically conductive channels, e.g., fiber 50 would be 
one channel, fiber 54 another channel, and so on. This 
embodiment of the instant invention is not limited to the 
one specific example described above. One could 
choose the numbers of electrically insulative and con- 
ductive fibers, and the specific configuration of those fib- 
ers, from among all of the possible permutations to suit 
the particular application. 

In another embodiment of the instant invention, one 
may utilize a plurality of different fiber types in order to 
select specific mechanical properties, in addition to the 
electrical properties of the catheter 10, to suit a particu- 
lar application. For example, a fiber such as fiber 40 in 
the first layer of stranded fibers 34, and any number of 
other fibers in any of the stranded layers, can be made 
from certain polymers so as to enhance the lubricity of 
the corresponding layer. 

The preferred embodiment described in detail 
above, in which a first layer of fibers 34 is stranded over 
a central core 28, followed by a second layer of stranded 
fibers 42, a first layer of insulation 44, a third layer of 
stranded fibers 46, and finally an outer layer of insula- 
tion 1 7, does not limit the invention to that specific con- 
figuration. Other embodiments have various numbers of 
layers of stranded fibers configured with various num- 
bers of intervening electrically insulative layers. Alterna- 
tively, the stranded fibers can be provided with an 
insulating or lubricious coating. 

As noted, there are numerous advantages of the 
catheter of this invention over other catheters for the 
delivery of electrical energy. The catheter of this inven- 
tion provides a relatively large surface contact region for 
transferring electrical energy to an internal region of the 
body and it is also flexible at the contact region. There 
are no electrical connections between the contact 
regions and the wires that transfer the electrical energy 
to the contact regions, such as is the case with the prior 
art ring electrodes, thus, enhancing the reliability of the 
catheter. There are no complicated manufacturing tech- 
niques required to ensure that the contact region does 
not protrude beyond the diameter of the adjacent 
regions of the catheter, so as not to obstruct the motion 
of the catheter through narrow paths within the patient's 
body. The electrically conductive fibers can be closely 
packed together, so as to approximate a cylindrical 
sheet conductor. 

A plurality of wires which carry an electrical current 
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to the surface contact region has a lower overall resist- 
ance than a single wire of the same material of the 
same thickness that carries the same amount of current 
to contact regions. Therefore, the stranded wires allow 
the current to be spread over a region which approxi- 
mates a cylindrical shell of current. As one strands wires 
closer together, one more closely approximates the limit 
of an electrically conductive cylindrical shell. This is par- 
ticularly true when the wires are stranded so closely 
together that they are in contact with the immediately 
adjacent fibers. In such a case, if the wires do not have 
insulating outer layers, current can then also flow 
between wires. This additional degree of freedom for 
the flow of electrical current leads to an additional 
decrease in the overall electrical resistance, thus, even 
more closely approximating a conducting ring while 
remaining flexible. 

Therefore, this invention minimizes undesirable 
resistive heating effects while still providing a central 
lumen for other instruments and sensors, all while main- 
taining a compact, narrow cross-section. 

In a third preferred embodiment of the instant inven- 
tion, the catheter 10c has an outer insulating layer 17c, 
at least one layer of stranded fibers 34c comprising a 
plurality of electrically conductive wires, and a non-con- 
ductive core 28c which is preferably electrically insula- 
tive tubing 32c that defines a central lumen 33 (see 
FIGURE 6). The plurality of electrically conductive wires 
can have various configurations. Preferably, the fibers 
are stranded in nonoverlapping helical paths in a man- 
ner as described in the first and second embodiments of 
this invention. 

In this embodiment, all of the fibers of the layer of 
stranded fibers 34c are preferably electrically conduc- 
tive wires that have electrically insulating outer layers, 
such as outer layer 58. The electrically conductive wires 
of the layer of stranded fibers 34c are preferably con- 
nected at the proximal end to a surgical electro-cautery 
power unit such that each fiber has a polarity opposite 
to that of the two adjacent wires. The surgical electro- 
cautery power unit may be selected from conventionally 
known power units to provide electrical pulses for cut- 
ting tissue. For example, wire 62 has a polarity opposite 
to that of wires 60 and 64. Similarly, wire 64 has a polar- 
ity opposite to that of wires 62 and 66, and so on around 
the entire periphery of the layer 34c of electrically con- 
ductive wires. 

One skilled in the art would recognize that other 
arrangements of the wires of the layer 34c are possible 
without departing from the scope or spirit of the inven- 
tion. For example, electrically non-conductive fibers 
may be included within the layer of stranded fibers 34c. 
Such non-conductive fibers may be disposed between 
electrically conductive wires within the layer of stranded 
fibers 34c in numerous configurations. In such alterna- 
tive embodiments, the electrically non-conductive fibers 
may be disposed between electrically conductive wires 
to form configurations in which the electrically conduc- 
tive wires are distributed about the catheter axis 30 in 



symmetrical and in asymmetrical patterns. 

In another alternative embodiment, the electrically 
conductive fibers within the layer of stranded fibers 34c 
do not have electrically insulating surfaces. Instead, 

5 electrically insulating fibers, along with electrically insu- 
lating layers 17c and 32c, keep electrically conductive 
wires of one polarity electrically isolated from wires of 
the opposite polarity along the length of the catheter 
10c. For example, fibers 60, 64, and 68 in FIGURE 6 are 

10 electrically non-conductive, fiber 62 is an electrically 
conductive wire attached to the power source at one 
polarity, and fiber 66 is an electrically conductive wire 
with the polarity opposite to that of wire 62. This pattern 
is repeated around the entire layer of stranded fibers 

is 34c. 

FIGURE 6 is an end-on view of the catheter 10c 
which illustrates the exposed ends of the wires 60, 62, 
64, etc. which form the cutting end according to the third 
preferred embodiment. 

20 In practice, the cutting end of the layer of stranded 
fibers 34c is brought into contact with tissue to be cut. 
Electrical energy is transmitted through wires 60, 62, 
64, etc. from the electro-cautery power unit at the prox- 
imal end of the catheter 10c to the cutting end at the dis- 

25 tal end of the catheter 10c. An electrical current thus 
flows through tissue in contact with the tip and between 
wires of opposite polarities, e.g., wires 60 and 62. The 
relatively high resistance, or impedance, of the tissue 
results in a rapid dissipation of energy in the tissue that 

30 is in contact with the tip. The rapid dissipation of energy 
in the tissue acts to a cut the tissue. Since all the fibers 
of the layer of stranded fibers 34c are electrically con- 
ductive wires, with electrically insulating surfaces, the 
cutting effect is approximately uniformly distributed 

35 around the cutting tip end of the layer of stranded fibers 
34c. 

In one method of application, the catheter 10c is 
used for removing pacing leads for heart pacemakers 
which had previously been implanted in the patient's 

40 body. In such an application, the surgeon slides the 
catheter 10c over the pacing lead such that the pacing 
lead extends along the central lumen 33. Since the cut- 
ting effect is approximately uniformly distributed around 
the cutting tip, the surgeon can advance the catheter 

45 10c along the pacing lead in a substantially rectilinear 
motion without the need to rotate the catheter by large 
amounts about the catheter axis 30. However, one can 
anticipate that some small angle "back and forth" rota- 
tions about the catheter axis 30 as the catheter 10c is 

so advanced over the pacing lead can be advantageous in 
some cases. Therefore, this permits the surgeon to 
advance the catheter along the pacing lead while cut- 
ting scar tissue around the entire circumference of the 
lead, thus obviating the need to advance the catheter in 

55 a spiral motion over the pacing lead. Although this 
embodiment of the invention was described for remov- 
ing pacing leads, this embodiment of the invention is 
also useful for other types of surgery, such as removing 
tumors, biopsies, and other implant devices. 
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In the fourth embodiment of the invention, illus- 
trated in FIGURE 7, the catheter 10d has a plurality of 
layers of stranded fibers. FIGURE 7 is an end-on view of 
the cutting tip at the distal end. In one example of this 
embodiment, the layer of stranded fibers 46d corre- 5 
sponds to the layer of stranded fibers 34c of the third 
embodiment, thus providing the cutting action. The lay- 
ers of stranded fibers 34d and 42d correspond to the 
layers of stranded fibers 34 and 42 of the second 
embodiment. Consequently, the additional layers of w 
stranded fibers 34d and 42d provide the mechanical 
advantages of good maneuverability for a catheter for 
electro-cautery. 

In another example of the fourth preferred embodi- 
ment of the invention, substantially all fibers in the layer is 
of stranded fibers 46d are electrically conductive wires 
which are in electrical contact with each other. Similarly, 
the layers of stranded fibers 34d and 42d are substan- 
tially all electrically conductive wires which are in electri- 
cal contact with the adjacent fibers. Preferably, the layer 20 
46d is connected at the proximal end to a surgical elec- 
tro-cautery power unit at one polarity while the layers 
34d and 42d are connected at the opposite polarity. The 
layer 44d is an electrically non-conductive layer which 
keeps layer 46d electrically isolated from layers 34d and 25 
44d along the length of the catheter. Preferably, the lay- 
ers are stranded in nonoverlapping helical paths in the 
same manner as in the second embodiment. 

In operation, the distal end of the catheter is 
brought into contact with tissue. The tissue provides a 30 
conductive, but high resistance, or high impedance, 
path for electricity to flow between layer 46d and layers 
34d and 42d at the distal end. The high resistance, or 
impedance, of the tissue in contact with the catheter 
10d at its distal end results in a rapid absorption of 35 
energy by the tissue which acts to provide the cutting 
effect. 

Catheters according to the fourth embodiment of 
the invention may be used according to the same 
method of pacing lead removal as described with 40 
respect to the third embodiment. In addition, this 
embodiment of the invention is also useful for other 
types of surgery, such as removing tumors, biopsies, 
and other implant devices. 

One skilled in the art would recognize that alterna- 45 
tive arrangements of pluralities of layers of stranded fib- 
ers and electrically non-conductive layers are within the 
scope and spirit of the instant invention. For example, 
there maybe only two layers 42d and 46d, separated by 
an electrically non-conductive layer 44d. There may so 
also be more than three layers of stranded fibers with 
more than one electrically non-conductive layer dis- 
posed between layers of stranded fibers. 

Although the invention has been described with ref- 
erence to specific embodiments, one should realize that 55 
these embodiments are illustrative of the application of 
the principles of the invention. One should recognize 
from the above description that there are a very large 
number of modifications and rearrangements of the 



above-illustrated embodiments which one may devise 
without departing from the spirit and scope of the inven- 
tion. 

Claims 

1 . A catheter comprising: 

a core having an axis extending between a 
proximal end and a distal end of said catheter; 
and 

a layer of stranded fibers stranded over said 
core, 

wherein said layer of stranded fibers 
includes at least one electrically conductive 
fiber, said fibers being stranded between said 
proximal end and said distal end, permitting 
transfer of electrical energy between said prox- 
imal end and said distal end of said catheter 
along said electrically conductive fiber. 

2. A catheter according to claim 1 , further comprising 
a second layer of fibers stranded over said core, 

wherein said second layer of stranded fibers 
is disposed between said first mentioned layer of 
stranded fibers and said core. 

3. A catheter according to claim 2, further comprising 
an electrically non-conductive layer, said electri- 
cally non -conductive layer being disposed between 
said first mentioned layer of stranded fibers and 
said second layer of stranded fibers thereby pre- 
venting flow of electrical current between said first 
mentioned and said second layers of stranded fib- 
ers. 

4. A catheter according to claim 3, further comprising 
a third layer of stranded fibers stranded over said 
second layer of stranded fibers, 

wherein said third layer of stranded fibers is 
disposed between said non-conductive layer and 
said second layer of stranded fibers, said second 
and third layers of stranded fibers thereby being 
suitable to provide structural support for said cathe- 
ter. 

5. A catheter according to claim 4, wherein: 

said second layer of stranded fibers extends 
from said proximal end to said distal end along 
non-overlapping helical paths such that each 
fiber of said second plurality of fibers has a first 
pitch at a first perpendicular projection of a 
point along said axis, 

said third layer of stranded fibers extends from 
said proximal end to said distal end along non- 
overlapping helical paths such that each fiber 
of said third plurality of fibers has a second 
pitch at a second perpendicular projection of 
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said point along said axis, wherein said second 
pitch is substantially equal and opposite to said 
first pitch, 

said non-conductive layer is disposed immedi- 
ately proximate to said third layer of stranded 
fibers, said third layer of stranded fibers is dis- 
posed immediately proximate to said second 
layer of stranded fibers, and said second layer 
of stranded fibers is disposed immediately 
proximate to said core, wherein said core, said 
second and third layers of stranded fibers, and 
said non -conductive layer act in cooperation to 
transmit torque along said axis of said catheter 
for rotations in both directions about said axis. 

6. A catheter according to claim 5, wherein substan- 
tially all fibers of said first mentioned layer of fibers 
are electrical conductors such that said first men- 
tioned layer is substantially an electrically conduc- 
tive layer suitable to transmit electrical energy along 
said axis of said catheter. 

7. A catheter according to claim 6, wherein said core 
defines a hollow path extending between said prox- 
imal end and said distal end such that said hollow 
path can accommodate at least one wire threaded 
therethrough. 

8. A catheter according to claim 6, wherein said core 
defines a plurality of hollow paths extending 
between said proximal end and said distal end. 

9. A catheter according to claim 5, further comprising 
a second electrically non-conductive layer disposed 
immediately proximate to said first mentioned layer 
of stranded fibers such that said first mentioned 
layer of stranded fibers is enclosed substantially 
within said second non-conductive layer, 

said second non-conductive layer thereby 
preventing flow of electrical current between said 
first mentioned layer of stranded fibers and a body 
in contact with an outer surface of said second non- 
conductive layer. 

10. A catheter according to claim 9, wherein said sec- 
ond non-conductive layer defines an exposed con- 
tact region allowing electrical contact to be made 
with said first mentioned layer of stranded fibers. 

11. A catheter according to claim 10, wherein said core 
defines a hollow path extending between said prox- 
imal end and said distal end such that said hollow 
path can accommodate at least one wire threaded 
therethrough. 

12. A catheter according to claim 10, wherein said core 
defines a plurality of hollow paths extending 
between said proximal end and said distal end. 



13. A catheter according to claim 1 1 , wherein substan- 
tially all of said first mentioned layer of fibers are 
electrical conductors such that said contact region 
is suitable to transmit electrical energy between 

5 said catheter and a body in contact with said con- 

tact region. 

14. A catheter according to claim 4, wherein at least 
one of said second and third layers of stranded fib- 
re ers includes a second electrically conductive fiber 

thereby providing a path to transmit electrical 
energy between said proximal and said distal ends 
of said catheter independently of said first men- 
tioned layer of stranded fibers. 

15 

15. A catheter according to claim 14, further comprising 
a grounding lead in electrical contact with said at 
least one second electrically conductive fiber so as 
to be suitable to shield electric fields. 

20 

16. A catheter according to claim 1 , wherein said core 
is an electrically non-conductive core. 

17. A catheter according to claim 1 , wherein said core 
25 defines at least one lumen between said proximal 

end and said distal end of said catheter. 

18. A catheter according to claim 1, wherein said 
stranded fibers extend between said proximal end 

30 and said distal end of said catheter along non-over- 
lapping helical paths such that said helical paths 
define a substantially uniform pitch. 

19. A catheter according to claim 1, wherein 

35 

said fibers are all substantially equal in thick- 
ness, 

said layer has a maximum thickness equal to a 
thickness of one of said fibers, and 
40 a number of fibers in said layer is substantially 

equal to a maximum number of fibers of said 
thickness that can fit within said layer so as to 
approximate an electrically conductive cylindri- 
cal shell. 

45 

20. A catheter according to claim 1 , wherein said layer 
is comprised of a plurality of contiguous non-over- 
lapping electrically conductive fibers. 

so 21. A catheter according to claim 1 , further comprising 
an electrically non -conductive layer disposed 
immediately proximate to said layer of stranded fib- 
ers such that said layer of stranded fibers is 
enclosed substantially within said non-conductive 

55 layer, 

said non-conductive layer thereby prevent- 
ing flow of electrical current between said layer of 
stranded fibers and a body in contact with an outer 
surface of said non -conductive layer. 
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22. A catheter according to claim 21 , wherein said non- 
conductive layer defines an exposed contact region 
allowing electrical contact to be made with said 
layer of stranded fibers. 

5 

23. A catheter according to claim 1 , wherein said elec- 
trically conductive fiber has a coating which is suit- 
able to make said fiber lubricious. 

24. A catheter according to claim 1 , wherein said elec- 10 
trically conductive fiber has an electrically insulative 
coating suitable to impede flow of electricity 
between said conductive fiber and adjacent fibers. 

25. A catheter according to claim 1 , wherein said layer is 
of fibers includes an optical fiber which is suited to 
transmit optical energy between said proximal end 
and said distal end of said catheter. 

26. A catheter according to claim 1 , wherein said layer 20 
of fibers includes a polymer monofilament fiber 
which is suited to provide lubricity to said layer. 

27. A catheter according to claim 1 , wherein said layer 

of fibers includes a plurality of electrically conduc- 25 
tive fibers. 

28. A catheter according to claim 1 , wherein said layer 
of fibers includes a plurality of electrically conduc- 
tive fibers and a plurality of electrically insulative fib- 30 
ers, said plurality of electrically conductive fibers 
being disposed such that they are spaced apart by 
said plurality of electrically insulative fibers to form 

a plurality of electrically conductive paths within 
said layer of stranded fibers. 35 

29. A method of making a catheter for electrical energy 
delivery comprising the steps of: 



30. A method of making a catheter according to claim 
29, further comprising the steps of: 

disposing a second electrically non -conductive 
layer over said third plurality of fibers; and 
stripping away a portion of said second non- 
conductive layer to form a contact region such 
that said third plurality of fibers can be con- 
tacted at said contact region. 

31. A method of making a catheter according to claim 
29, wherein at least one fiber of said first and sec- 
ond plurality of fibers is an electrically conductive 
fiber capable of transmitting electrical energy 
between said proximal and said distal ends of said 
catheter, independently of said third plurality of fib- 
ers. 

32. A method of making a catheter according to claim 
31, further comprising the step of connecting a 
grounding lead to said at least one electrically con- 
ductive fiber of said first and said second plurality of 
fibers so as to provide a shield for electric fields. 

33. A method of making a catheter for electrical energy 
delivery comprising the step of stranding a plurality 
of fibers between a proximal end and a distal end of 
said catheter over a core, wherein said plurality of 
fibers includes at least one electrically conductive 
fiber which is capable of transmitting electrical 
energy between said proximal and said distal ends 
of said catheter. 

34. A method of making a catheter according to claim 
33, wherein said plurality of fibers includes at least 
one optical fiber which is capable of transmitting 
optical energy between said proximal and said dis- 
tal ends of said catheter. 

35. A method of making a catheter according to claim 
33, wherein said electrically conductive fiber has a 
coating suited to make said fiber lubricious. 

36. A method of making a catheter according to claim 
33, wherein said electrically conductive fiber has an 
insulative coating suited to impede flow of electricity 
between said electrically conductive fiber and adja- 
cent fibers. 

37. A method of making a catheter according to claim 
33, wherein said plurality of fibers includes a poly- 
mer monofilament fiber suited to provide lubricity to 
said layer of stranded fibers. 

38. A method of making a catheter according to claim 
33, wherein said core is an electrically non-conduc- 
tive core. 

39. A method of making a catheter according to claim 



stranding a first plurality of fibers over a core 40 
such that said first plurality of fibers extends 
between a proximal end and a distal end of 
said catheter along non-overlapping helical 
paths, wherein said helical paths define a first 
rotation direction; 45 
stranding a second plurality of fibers over said 
first plurality of fibers such that said second plu- 
rality of fibers extends between a proximal end 
and a distal end of said catheter along non- 
overlapping helical paths, wherein said helical so 
paths define a second rotation direction, and 
said second rotation direction is opposite to 
said first rotation direction; 
disposing an electrically non -conductive layer 
over said second plurality of fibers; 55 
stranding a third plurality of fibers over said first 
electrically nonconductive layer, wherein said 
third plurality of fibers includes an electrically 
conductive fiber. 
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33, wherein said core defines at least one lumen 
between said proximal end and said distal end of 
said catheter. 

40. A method of making a catheter according to claim s 
33, wherein said layer of stranded fibers extends 
between said proximal end and said distal end of 
said catheter along non-overlapping helical paths 
such that said helical paths define a substantially 
uniform pitch. 10 

41 . A method of making a catheter according to claim 
33, wherein 

said fibers are all substantially equal in thick- is 
ness, 

said layer has a maximum thickness equal to a 
thickness of one of said fibers, and 
a number of fibers in said layer is substantially 
equal to a maximum number of fibers of said 20 
thickness that can fit within said layer thereby 
approximating an electrically conductive cylin- 
drical shell. 

42. A method of making a catheter according to claim 25 
33, wherein said layer is comprised of a plurality of 
contiguous non-overlapping conductive fibers. 

43. A method of making a catheter according to claim 

33, further comprising the step of disposing an 30 
electrically non -conductive layer immediately proxi- 
mate to said layer of stranded fibers such that said 
layer of stranded fibers is enclosed substantially 
within said non -conductive layer, 

said non-conductive layer thereby prevent- 35 
ing flow of electrical current between said first men- 
tioned layer of stranded fibers and a body in contact 
with an outer surface of said non-conductive layer. 

44. A method of making a catheter according to claim 40 
43, further comprising the step of stripping said 
non-conductive layer to expose a contact region 
suitable to make electrical contact with said first 
mentioned layer of stranded fibers. 

45 

45. A catheter comprising: 

a core having an axis extending between a 
proximal end and a distal end of said catheter; 
a layer of stranded fibers having a plurality of so 
fibers that extend between said proximal end 
and said distal end of said catheter over said 
core; and 

an electrically non-conductive layer disposed 
over said layer of stranded fibers so as to pre- ss 
vent a flow of electrical current in a radial direc- 
tion through said electrically non-conductive 
layer, 

wherein said layer of stranded fibers 



includes a plurality of electrically conductive 
wires constructed and arranged to present an 
electro-cautery cutting end at said distal end of 
said catheter. 

46. A catheter according to claim 45, wherein substan- 
tially all fibers of said layer of stranded fibers are 
electrically conductive wires with electrically insu- 
lating outer layers so as to electrically isolate each 
wire along a length of the catheter from the proxi- 
mal end to said distal end, said electrically conduc- 
tive wires are constructed and arranged to present 
an electro-cautery cutting end at said distal end of 
said catheter. 

47. A catheter according to claim 46, wherein said core 
defines a hollow path extending between said prox- 
imal end and said distal end of said catheter such 
that said hollow path can accommodate at least a 
pacing lead threaded therethrough. 

48. A catheter according to claim 47, wherein said fib- 
ers of said layer of stranded fibers extend from said 
proximal end to said distal end of said catheter 
along non-overlapping helical paths. 

49. A catheter according to claim 48, wherein each 
electrically conductive wire has a first electrical 
polarity which is opposite in polarity to a second 
electrical polarity of each adjacent electrical wire. 

50. A catheter according to claim 45, wherein said plu- 
rality of electrically conductive wires are con- 
structed and arranged to form a plurality of 
electrically conductive paths which are electrically 
isolated from each other along a length of said cath- 
eter from said proximal end to said distal end, at 
least one of said plurality of conductive paths has a 
first electrical polarity which is opposite in polarity to 
a second electrical polarity of at least one of said 
plurality of conductive paths. 

51. A catheter according to claim 50, wherein said core 
defines a hollow path extending between said prox- 
imal end and said distal end such that said hollow 
path can accommodate at least a pacing lead 
threaded therethrough. 

52. A catheter according to claim 51, wherein said fib- 
ers of said layer of stranded fibers extends from 
said proximal end to said distal end along non-over- 
lapping helical paths. 

53. A catheter according to claim 45, further compris- 
ing: 

a second layer of stranded fibers having a plu- 
rality of fibers that extend between said proxi- 
mal end and said distal end of said catheter 
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over said core, said second layer of stranded 
fibers is disposed between said first mentioned 
layer of stranded fibers and said core; and 
a second electrically non-conductive layer dis- 
posed between said first mentioned layer of s 
stranded fibers and said second layer of 
stranded fibers thereby preventing flow of elec- 
trical current between said first mentioned and 
said second layers of stranded fibers. 

10 

54. A catheter according to claim 53, wherein said sec- 
ond layer of stranded fibers includes a plurality of 
electrically conductive wires having a first electrical 
polarity which is opposite in polarity to a second 
electrical polarity of said plurality of electrically con- is 
ductive wires of said first mentioned layer of 
stranded fibers, said first mentioned and said sec- 
ond layers of stranded fibers present an electro- 
cautery cutting end at said distal end of said cathe- 
ter. 20 

55. A catheter according to claim 54, wherein substan- 
tially all fibers of said first mentioned layer of 
stranded fibers and said second layer of stranded 
fibers are electrically conductive wires. 25 

56. A catheter according to claim 55, wherein said core 
defines a hollow path extending between said prox- 
imal end and said distal end such that said hollow 
path can accommodate at least a pacing lead 30 
threaded therethrough. 

57. A catheter according to claim 56, wherein 



22 

ical paths defining a third rotation direction that 
is approximately equal and opposite to said 
second rotation direction so as to act in cooper- 
ation with said first mentioned and said second 
layers of stranded fibers to transmit torque 
along said axis of said catheter under rotations 
in both directions about said axis. 

59. A method of pacing lead removal comprising the 
steps of: 

threading a free end of a pacing lead through a 
lumen of an electro-cautery catheter such that 
a cutting end of said electro-cautery catheter is 
in contact with tissue proximate to an attached 
end of said pacing lead; and 
advancing said pacing lead in a substantially 
rectilinear motion along the pacing lead as said 
electro-cautery catheter cuts tissue proximate 
to said attached end of said pacing lead with 
only small-angle rotations of said electro-cau- 
tery catheter about said pacing lead. 
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said fibers of said first mentioned layer of 35 
stranded fibers extend from said proximal end 
to said distal end of said catheter along non- 
overlapping helical paths defining a first rota- 
tion direction, 

said fibers of said second layer of stranded fib- 40 
ers extend from said proximal end to said distal 
end of said catheter along non-overlapping hel- 
ical paths defining a second rotation direction 
that is approximately equal and opposite to 
said first rotation direction. 45 

58. A catheter according to claim 57, further compris- 
ing: 

a third layer of stranded fibers having a plurality so 
of fibers that extend between said proximal end 
and said distal end of said catheter over said 
core, 

wherein said third layer of stranded fib- 
ers is disposed between said second layer of 55 
stranded fibers and said core, and 
said fibers of said third layer of stranded fibers 
extend from said proximal end to said distal 
end of said catheter along non-overlapping hel- 
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